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Abstract

During 2014 and 2015 an outbreak of Ebola deemed a Public Health Emergency of International 

Concern affected a number of West African countries. The outbreak underscored the need for a 

vaccine against Ebola. An unprecedented and to great extent collaborative effort built on the 

availability of a number of candidate vaccines that could enter into clinical phase evaluation. A 

series of international consultations and activities were led by WHO as a contribution to the 

unprecedented global efforts to develop and assess an Ebola vaccine. WHO consulted widely, and 

immediately fostered interactions with the international scientific, ethics, regulatory, vaccine 

development, public health partners, industry and funders’ communities and participated in 

consortia to facilitate Ebola vaccine assessments. WHO also fostered key activities to ensure the 

optimal policy and deployment of Ebola vaccines, if licensed. WHO has convened a broad global 

coalition of experts to develop a Blueprint and a platform for accelerated R&D, in order to avert 

full-blown epidemics.

Introduction

On August 8, 2014, the Director-General of WHO declared that the Ebola virus disease 

(EVD) outbreak in West Africa represented a Public Health Emergency of International 

Concern under the 2005 International Health Regulations.1 What followed was a chain of 

events leading to the acceleration of timelines for vaccine development. The unprecedented 

outbreak underlined the need for a vaccine to combat the disease. For some years before this 

outbreak, scientists and, governments had created promising data on several Ebola vaccine 

candidates. Still, development was delayed in part because public sector investment 

mechanisms were not entirely in place to support pre-emptive clinical assessment of these 
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candidates, and there was a perception that regulatory pathways were limited for Ebola 

vaccines.

Several independent reviews have highlighted the fact that the world and WHO were not 

prepared to respond to this epidemic [1,2]. However, clinical trials for Ebola vaccines were 

initiated in record time and WHO provided valuable technical leadership [2,3•]. This article 

summarizes some of the main actions taken by WHO since August 2014 and highlight some 

lessons we learned. It also illustrates how these experiences are contributing to shape a 

WHO Blueprint for research and development for emerging/re-emerging diseases likely to 

cause outbreaks in the near future and for which countermeasures are not available or are 

insufficient.

What actions were implemented?

Fostering fora for global collaboration on matters critical to Ebola vaccines research and 
development pathways

After the declaration of the Public Health Emergency, what followed was a collaborative 

effort, to an important extent guided by WHO, among global public health organizations, 

pharmaceutical companies, regulatory agencies, and nongovernmental organizations to 

accelerate the development of Ebola vaccines from preclinical research to clinical trials. 

WHO contributions were framed by WHO’s core functions which include: providing 

leadership on matters critical to health and engaging in partnerships where joint action is 

needed; shaping the research agenda and stimulating the generation, translation and 

dissemination of valuable knowledge; setting norms and standards and promoting and 

monitoring their implementation; articulating ethical and evidence-based policy options; 

providing technical support, catalyzing change, and building sustainable institutional 

capacity; and monitoring the health situation and assessing health trends. WHO consulted 

widely, and immediately fostered interactions with the international scientific, ethics, 

regulatory, vaccine development, public health partners, industry and funders’ communities 

on key activities to implement on an emergency basis (Figure 1).

Identifying the need to establish R&D priorities, a WHO convened international meeting 

reviewed available Ebola therapies and vaccine options. It focused on addressing three 

questions: firstly, do these products work and are they safe?; secondly, can they be 

developed more rapidly in order that they might be moved from the laboratory to the field? 

and; thirdly, can they be scaled up to serve the necessary demand? Emphasis was put on the 

need for leadership, prioritization, and coordination. There was agreement that oversight of 

the research agenda for evaluation and its implementation would be best performed under 

the coordination of WHO. The need to build research capacity skills in the countries with 

EVD outbreaks was stressed. WHO was also encouraged to continue the work on a 

mechanism for evaluating preclinical data to determine the priority of interventions to be 

further assessed. Informed by available data and international experts, WHO regularly 

updated a document that summarizes the data on categorization and prioritization of drugs 

for consideration for testing or use in patients infected with Ebola [4••,5].
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WHO led face-to-face and virtual interactions among high-level government representatives, 

development partners and representatives from Ebola-affected countries, scientists, vaccine 

manufacturers, regulatory authorities, international organizations, funding agencies and civil 

society representatives. The aim was to discuss and agree on how to fast track the testing and 

the deployment of promising vaccines. Three important consensus commitments came from 

these interactions:

First, phase 1 clinical trials of the two most advanced vaccines should be completed as soon 

as possible. Without waiting for the results of the phase 1, measures should be taken by all 

stakeholders to initiate efficacy trials in the three most affected countries before the end of 

2014. All candidate vaccines must be tested until they prove to be unsafe and/or 

inefficacious. Second, the pharmaceutical companies developing vaccines should commit to 

scaling up their production capacity in 2015. Third, as community engagement was seen as 

essential, there was a need to generate the necessary partnerships between local 

communities, national governments, and other stakeholders to ensure success. All parties 

concluded that even in the emergency setting, clinical trial data would be required on 

vaccine candidates to determine how best they could complement the public health response 

and called upon WHO to enhance coordinating of efforts and to ensure effective 

communication between the various actors [6,7].

Furthermore, in October 2015 the first of a series of consultations on the Science of Ebola 

were convened to obtain the overview necessary to achieve integration of relevant scientific 

work from different disciplines [8–10]. These consultations concluded that investing in 

research is vital for ensuring effective prevention and response to future outbreaks. They 

underlined the need to ensure that investments in addressing the current outbreak would not 

be without legacy, but would be leveraged to continue implementation of essential research, 

and that there was an urgent need to mainstream research into public health sector 

development throughout future work in affected countries.

A series of consultations on regulatory approaches for expediting development and 

availability of Ebola vaccines took place [11,12]. The regulatory experts debated around the 

following objectives: firstly, identify the critical regulatory pathways for the lead candidate 

Ebola vaccines and the main regulatory challenges; secondly, agree on anticipated timelines 

for availability of these vaccines for both clinical trials and potential future large-scale 

deployment and; thirdly, mapping out possible avenues to address the regulatory challenges 

while keeping safety as a main concern.

Regulatory support was provided through African Vaccine Regulatory Forum (AVAREF) 

meetings, whereby regulators from high-income authorities, attended consultations in 

support of African regulators (North-South collaboration) [13]. In addition AVAREF enabled 

African authorities with experience of pre-licensure vaccine trials to support those in the 

most affected countries with less experience of clinical trials (South-South collaboration). 

WHO assembled representatives from GlaxoSmithKline (GSK), makers of Chimpanzee 

Adenovirus Serotype-3 vaccine ChAd3, along with members of national ethics and 

medicines regulatory authorities from Cameroon, Ghana, Guinea, Liberia, Mali, Nigeria, 

Senegal, and Sierra Leone for a joint review of the clinical trial application for the Phase II 
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trial of the GSK vaccine [14]. WHO developed a mechanism for the Emergency Use 

Authorization Listing (EUAL) of vaccines intended to assist interested UN procurement 

agencies and Member States on the acceptability for use of a specific vaccine in the context 

of a public health emergency. EUAL is a special procedure for vaccines during public health 

emergencies when the community may be more willing to tolerate less certainty about the 

precise level of efficacy of products, given the morbidity and/or mortality of the disease and 

the shortfall of treatment and/or prevention options [15••].

WHO will continue to support international and national efforts to identify suitable 

alternatives for fast-tracked regulatory evaluation of Ebola vaccines and offer expert 

oversight and guidance to countries.

Promoting scientific debate on trial designs and enabling parallel implementation of Phase 
1, 2 and 3 clinical trials of Ebola vaccines

A WHO expert consultation assessed the status of Ebola candidate vaccines, with the 

overarching objective to take stock of the many efforts under way to rapidly evaluate 

candidate Ebola vaccines for safety and efficacy. All agreed that the ultimate goal was to 

have a fully tested and licensed product that can be scaled up for use in mass vaccination 

campaigns. WHO used a set of criteria and experts reviews of the data to objectively assess 

which vaccine candidates would be proactively fast-tracked for clinical evaluation. The 

criteria included availability of Good Manufacturing Practice grade vials after lot release for 

clinical trials, and that 100% efficacy had been documented in non-human primates with 

acceptable preclinical safety. Both ChAd3-ZEBOV and rVSV-ZEBOV were the two 

candidate vaccines that met those criteria as of August 2014 [16]. The Ad26/MVA and 

Novavax (recombinant protein) candidate vaccines met the criteria later in the epidemic.

A consultation including ethicists and trial methodologists pondered the question of what 

clinical trial designs were ethically acceptable and mapped out the issues that were relevant 

for utilizing various study designs in the outbreak context. Participants concluded that in 

principle, as long as standard requirements for human research ethics are met, all 

scientifically recognized methodologies and study designs should be considered to be 

ethically acceptable. Nonetheless, they underlined that a number of issues regarding 

intervention characteristics, design and site and participant-related issues must be accounted 

for. Real-time data collection and sharing was deemed a scientific and moral imperative to 

ensure that potential vaccines could be quickly evaluated and developed [17]. Regular 

teleconferences served as a forum to critically discuss protocols proposed for Ebola vaccines 

trials and to discuss progress and challenges [18–22].

Continuous assessment of vaccine attributes to inform long-term use of Ebola vaccines to 
control or prevent future outbreaks

It was agreed during the high level consultations that WHO would develop Ebola Vaccine 

Target Product Profiles for Ebola Vaccines. The target product profiles (TPPs) for Ebola 

vaccines provides guidance to vaccine developers and highlight the use of Ebola vaccines in 

two likely scenarios: firstly, reactive/emergency use, to interrupt an existing outbreak and to 

break chains of transmission, and secondly, prophylactic use, to protect frontline healthcare 

Henao-Restrepo et al. Page 4

Curr Opin Virol. Author manuscript; available in PMC 2017 July 24.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



and other workers at high risk in future outbreaks [23]. The TPP proposes that a single 

vaccine may not possess a complete set of characteristics needed in the short and long term 

and that different types of vaccines may be needed to cover the range of uses.

Engaging in partnerships where joint action was deemed necessary

The African and European VSV-Ebola consortium (VEBCON)—The Public Health 

Agency of Canada donated 800 vials of the vesicular stomatitis virus (VSV) — Zaire Ebola 

virus vaccine candidate (rVSV-ZEBOV) to WHO. By September 2014, WHO have created 

an African and European VSV-Ebola consortium (VEBCON) to initiate dose-escalation 

phase 1 clinical trials with rVSV-ZEBOV vaccine candidate (rVSV-ZEBOV) to allow 

optimized rapid decisions on dose and safety [24]. These phase 1-trials were conducted in 

Hamburg, Germany (NCT02283099), Kilifi, Kenya (NCT02296983), Lambarene, Gabon 

(PACTR2014000089322), and Geneva, Switzerland (NCT02287480) and were supported 

financially through WHO from a grant from the Wellcome Trust Foundation and the German 

Center for Infection Research.

Based in part on the data from these studies [25••,26••] researchers selected the vaccine dose 

for a phase 3 efficacy study initiated in Guinea (PACTR201503001057193) and for a phase 

3 trial conducted in Sierra Leone (PACTR201502001037220).

The Guinea vaccine consortium—It was established in the periphery and at the end of 

WHO’s first high-level Ebola vaccine meeting in October 2014 during an informal side 

meeting. Plans had been drawn up to assess Ebola candidate vaccines in Sierra Leone and 

Liberia. Guinea, where the outbreak had begun, was perceived as an exceptionally 

challenging setting for assessing a vaccine. Given the request of Guinea to be part of the 

Ebola vaccine development effort, some participants met to discuss options to design a trial 

for Guinea. The Guinea vaccine Consortium held its first meeting in November 2015 in 

Geneva where options of protocol designs were considered. Funding was secured in January 

2015. The Consortium designed a novel cluster trial design called a ‘ring vaccination trial,’ 

in which a ‘ring’ of people (contacts and contacts of contacts) around a newly discovered 

Ebola patient is vaccinated. Entire rings were randomized to receive vaccination either 

immediately or after 21 days (Figure 2). If significantly more people contract Ebola in the 

delayed rings, the vaccine is deemed effective [27••].

The Guinea Ebola vaccine trial is the coordinated effort of many international agencies. 

WHO was the regulatory sponsor of the study, which is implemented by the Ministry of 

Health of Guinea, WHO, Médecins sans Frontières (MSF), EPICENTRE and the Norwegian 

Institute of Public Health. The trial is funded by WHO, with support from the Wellcome 

Trust, the United Kingdom Department for International Development, the Norwegian 

Ministry of Foreign Affairs to the Norwegian Institute of Public Health through the Research 

Council of Norway, the Canadian Government through the Public Health Agency of Canada, 

Canadian Institutes of Health Research, International Development Research Centre and 

Department of Foreign Affairs, Trade and Development and MSF. The trial team includes 

experts from The University of Bern, the University of Florida, the London School of 

Hygiene and Tropical Medicine, Public Health England, the European Mobile Laboratories 

Henao-Restrepo et al. Page 5

Curr Opin Virol. Author manuscript; available in PMC 2017 July 24.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



among others. Only four months after the first discussions started about a potential efficacy 

trial in Guinea, WHO and partners began an Ebola ring vaccination trial to evaluate the 

efficacy of the rVSV-ZEBOV candidate vaccine (Figure 3). Preliminary results published in 

August 2015 suggest that the vaccine is safe and efficacious [28••]. The trial was also 

expanded into Sierra Leone in September 2015 [29].

Anticipating the need for policy guidance and the potential vaccine deployment challenges 
to provide technical support to affected countries

To rapidly implement campaigns in the affected countries once vaccine becomes available, 

public health officials need to plan the most optimal vaccination strategies as soon as 

feasible. Starting in 2014, WHO Strategic Advisory Group of Experts on immunization 

(SAGE) reviewed a framework for making recommendations regarding use of Ebola 

vaccines. The SAGE recommended vaccination strategies should target of those at highest 

risk of exposure. Considerations included: specific scenario relating to the epidemiology and 

the type of authorization for vaccine use; objectives for vaccination (primary — stopping 

transmission, secondary — individual protection); prioritization of target populations; and 

additional considerations [30,31]. A Global Ebola Vaccine Implementation Team (GEVIT) 

was created under WHO leadership including countries most affected by the EVD outbreak 

and key partners, who would be closely involved in procuring and introducing an Ebola 

vaccine [32]. The objective was to develop a framework to enable timely roll out of a 

licensed vaccine in public health Ebola emergencies. It also aimed to engage stakeholders in 

the affected countries in the decision-making and in identifying priority groups for 

vaccination. Operational issues and community engagement are also considered to anticipate 

any barriers to vaccine acceptance. During the 2016 World Economic Forum in Davos, Gavi 

announced support ($5 million USD) to Merck for production of 300 000 doses in the next 

few months in exchange for a commitment to seek licensure in 2017. This commitment is 

intended to permit a stockpile of rVSV-ZEBOV vaccine (and potentially other vaccines as 

more evidence emerges) for readiness for the inevitable next outbreak [40].

What did we learn?

The Ebola epidemic taught us that the global community can muster the capacity and 

resources in the face of adversity to curb the spread of disease. The accelerated start and 

implementation of Ebola vaccine clinical trials in the challenging conditions of an outbreak 

were only possible thanks to the cooperative efforts of national authorities in the affected 

countries, scientists, research funders, regulatory agencies in the USA, Europe, and West 

Africa, pharmaceutical companies, nongovernmental organizations, and affected 

communities [41]. In all in 2014–2015, 13 vaccines were in clinical phase of development in 

41 clinical trials of which 39% are located in Africa [33]. Regulatory and ethics timelines 

were faster than ever before. Surging human resources into the assessment process 

contributed to this; the rigour of the assessment process was maintained with the emphasis 

on product quality and participant safety. Protocol development occurred within a few weeks 

thanks to the involvement of many of the chief researchers and methodologists. Safety and 

immunogenicity data was available as soon as February 2015 from some of the trials [33]. 

Phase 2 and 3 trials were planned and initiated in record time in each of the three worst 
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affected countries (Liberia and Sierra Leone and Guinea). The first trial initiated was in 

Liberia (PREVAIL) in February, 2015 only 6 months after the global public health 

emergency was declared (in collaboration with US-NIH [34]) followed by the STRIVE 

started only in April trial in Sierra Leone (in collaboration with US-CDC; [35]), and the 

‘Ring Vaccination trial’ in Guinea which started in March 2015 [27••,28••]. These trials are 

an example of international partnerships with researchers and authorities from the Ebola 

affected countries. WHO facilitated complex interactions between numerous stakeholders 

and enabled the parallel testing of different candidate Ebola vaccines. Despite these 

unprecedented achievements, the overall Ebola vaccine research and development effort 

could have moved even faster if there had been investments earlier to assess candidate 

vaccines through phase 1 or 2 trials and a system to prioritize the most promising candidate 

vaccines. WHO’s mandate and capacity to combine, coordinate, and drive a varied 

combination of assets towards a common goal calls for an expanded role in R&D. At the 

request of its 194 Member States, WHO has convened a broad global coalition of experts to 

develop a Blueprint and a platform for accelerated R&D, in order to avert full-blown 

epidemics [36•,37•]. The R&D Blueprint is a global strategy and preparedness plan to 

ensure that targeted R&D can strengthen the emergency response and aims to reduce the 

time between the declaration of an international public health emergency and the availability 

of effective tests, vaccines and treatments [38]. While conventional containment measures 

will remain cornerstones of a health emergency response a repertoire of effective health 

technologies could be the key to pre-empting full-blown epidemics, and limiting their 

human, social and economic losses. It proposes that this can be achieved by: firstly, acting 

together to identify the top global disease threats on which to focus initial R&D efforts; 

secondly, creating a R&D roadmap for those threats and by identifying the basic and applied 

research, and health technologies needed to contain this emerging threat; thirdly, developing 

organizational frameworks for the coordination of national and international actors and 

inclusion of scientists in low-income and middle-income countries as equal partners and by 

building the capability to conduct clinical trials for vaccines and therapeutics against 

emerging disease threats in low-income and middle-income countries; fourthly, developing a 

plan to evaluate the impact of the R&D Blueprint and continuously improve the Blueprint 

and create a high-level checklist to monitor preparedness and impact; and fifthly, exploring 

funding models for R&D preparedness and response [39••]. WHO has convened a broad 

global coalition of experts to develop the blueprint and a platform for accelerated research 

and development. The Blueprint has be presented to WHO Member States at the next World 

Health Assembly in May 2016.
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Fig. 1. 
Collaborative efforts, adaptation of the traditional R&D model, compressed timeframes and, 

unprecedented partnerships formed.
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Fig. 2. 
What is a vaccination ring?
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Fig. 3. 
A timeline ….
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